Pediatric liver transplant (LT) has become an effective modality for patients with acute or chronic end-stage liver diseases.
In Iran the first LT was performed on adults in 1993 and on children in 1999 in Nemazee Teaching Hospital, Shiraz. 8, 9 Although more than a decade has passed since the performance of first pediatric LT in Iran, no study has been conducted on the children's infection rate, risk factors associated with infections, and their effects on the patients' outcome in the early period after transplant.
The aims of this prospective study were to determine (a) the frequency, the clinical as well as microbiological characteristics of bacterial infections among hospitalized children in the early period after LT, (b) the associated factors of their occurrence, and (c) the outcomes of patients with and without bacterial infections.
| PATIENTS AND ME THODS
We prospectively enrolled all consecutive 96 children under the age of 18 who underwent LT from October of 2014 to October of 2015
at Nemazee Teaching Hospital, the unique referral center of LT in
Iran. Two patients who survived less than two days after LT were excluded. The causes of their death were not related to infection.
All the other patients were monitored prospectively for any event related to infectious complications from the day of LT until the day of hospital discharge or death in hospital immediately after LT. The medical records of all the patients were reviewed daily. The patients suspected to have infection underwent a thorough assessment by a subspecialist of pediatric infectious diseases. We used CDC/NHSN surveillance definition of healthcare-associated infection and criteria for specific types of infections in the acute care setting to enroll the patients in the infection group and define the types of infection. 10 Patients were divided into two groups depending on whether they had any evidence of infection (infection group) or not (control group). We did not treat patients with asymptomatic bacteriuria, so patients with isolated asymptomatic bacteriuria without any other evidence of infection were classified in the control group.
Gastroenteritis was defined as a health care-associated infection if a patient had an acute onset of diarrhea (liquid stools for more than 12 hours) with no likelihood of noninfectious cause. 10 Diagnosis of sepsis was made according to the 2001 SCCM/ESICM/ACCP/ATS/SIS international sepsis definition, which is a strongly suspected presence of infection and the systemic response to it, without being microbiologically confirmed. 11 According to CDC/NHSN surveillance definition, infection episodes were classified as either "infection as present on admission" (POA) or "healthcare-associated infection" (HAI). We classified patients to have POA if they had received antibiotics for the treatment of a suspected or confirmed infection immediately prior to LT. We considered them free of infection at the time of LT.
The following recipient variables were included in a questionnaire and analyzed in relation to infections in three phases of pre-transplantation, perioperative, and post-transplantation. In pre-transplantation for prophylaxis of fungal infection, and ganciclovir (10 mg/kg/day) or valagancyclovir (13 mg/kg/day) for prophylaxis of cytomegalovirus infection that were commenced and continued for at least one month after LT. All analyses were performed using SPSS 18.0.
| Analysis

| RE SULTS
| Patient's characteristics
The Table 1 . Forty-two patients (65.6%) had PELD/MELD scores less than 20. In total, 63 abdominal reoperation after LT were done on 34 (38.2%) patients, 20 of which were for wound closure, 14 for bleeding, 10 for intestinal perforation, 6 for hepatic artery thrombosis, 6 for portal vein thrombosis, and 7 for other reasons.
The mean frequency of reoperation (ranging from 0 to 6 episodes) was 0.7 ± 1.2. Kasai procedure (hepatoportoenterostomy) had been performed on 11 (11.5%) recipients during infancy. Metabolic diseases were the most common underlying diseases in our patients (Table 2) .
Laboratory characteristics of patients were shown in Table 3 .
Tuberculosis skin test (TST) induration of 10 or more millimeters (mm) was reported in 6 patients (11.8%), 5 or more mm in 21 (41.2%),
and less than 5 mm in 27 (54%) recipients. 
TA B L E 1 Demographic and clinical characteristics of children who underwent liver transplant, stratified by infection outcome
| Comparison of the associated factors
In total, 51 patients (54.3%) were assigned into the infection group and 43 patients (45.7%) into the control group. The demographic and clinical characteristics, underlying diseases, and laboratory findings in two groups are shown in Tables 1-3 . No association between infection and underlying diseases or laboratory characteristics at the time of transplant was detected. (Tables 2 and 3 ). As shown in Table 1 confidence interval: 1.15-1.76, and P value: <0.001).
The need for post-transplant renal replacement therapy (RRT) and re-transplantation was seen in 4 (4.2%) and 3 (3.2%) recipients, respectively; all were in the infection group. Tracheostomy was performed on three recipients, two in the infection group and one in the control group. Death occurred in 10 patients ( Of the 108 bacteria isolates causing infection, 47 strains were isolated from deep or superficial surgical sites (43.6%), followed by urine (n = 25; 23.1%), blood (n = 22; 20.4%), respiratory tract (n = 11;
| Bacterial infection episodes
10.2%), soft tissue (n = 2; 1.8%) and eye (n = 1; 0.9%) ( Table 5 ). The isolation of seven bacteria in urine was not associated with pyuria or any clinical sign or symptom, so we classified these events as asymptomatic bacteriuria.
The most common isolates were Gram-negative rod (n = 55; 51%) with the predominance of Acinetobacter spp (n = 18; 16.7%),
Klebsiella spp (n = 13; 12%), Pseudomonas spp(n = 10; 9.2%),
Escherichia coli (n = 10; 9.2%), Stenotrophomonas maltophilia (n = 3; Enterococcus spp were multidrug resistance.
| D ISCUSS I ON
This one-year, prospective study that was conducted on 94 children who underwent LT is the first report on bacterial infections during hospitalization in the early period post LT in Iran. In this study, the high rates of bacterial infection in children hospitalized after LT were detected (54.3%, 51 out of 94) including 31.9% (30 out of 94) microbiologically documented ones. This finding is consistent with the limited reports about LT children worldwide (51.9% in Germany and 70.8% in France). [14] [15] [16] [17] [18] During the first weeks after transplantation, bacteria are the main infectious agents, 19, 20 as they tend to occur due to indwelling catheters 21 and at or near the transplanted organ, either in the form of a superficial wound or deep space infections. 17 In another 23-years, single-center, retrospective study conducted in Canada, 49 episodes of microbiologically documented infection were detected among 145 children (34%) in post LT, and only during their stay in the pediatric critical care unit; 79% of these episodes had bacterial etiology. 20 Several factors have attributed to the increased risk of bacterial infection in the early period post LT including the complexity of surgical procedures in LT; high levels of immune suppression due to rejection; multiple points of entry for microorganisms (eg incisions, catheters, probes); and patient's poor health condition. 14, 15, 20, 22, 23 In our study, Gram-negative isolates were relatively as frequent According to the studies investigating infection in hospitalized children in early period after LT, blood and abdomen were found to be the two major localizations of infection sites. 15, 18, 20 Performing complex surgical procedures in LT, and the need for insertion of central vein catheter and intra-abdominal JP Drain could play a major role in developing infections in blood and abdomen. In our study 64% of localizations of infection were abdomen and blood. Two other major localizations of infection were urine (23.1%) and the lungs (10.2%). In a French study that investigated 63 episodes of infection, the most frequent sites of infection were blood (36.5%), abdomen (30%), the lungs (11%), and urine (6.3%). 15 In another German study, the major localizations of infection were either the lungs, abdomen, or catheter-associated. 18 In a Canadian study, the most frequent sources of infection were blood (53%), the lungs (24%), and abdomen (22%). 20 In some of these studies, the higher rate of infection in the pulmonary system could be due to viral as well as bacterial etiologies. 15, 18, 20 In comparison to other studies, we detected a higher rate of infection in the urinary tract, which is mainly associated with urinary catheter.
The most important determinant of urinary tract infection is the duration of catheterization. 26 The daily risk of acquisition of bacteriuria with a Foley catheter in situ is 3%-7%. 26 The mean duration of Foley catheter in our patients with infection was 7 days, which was significantly longer than those in the control group (4 days; odds ratio, Gram-negative pathogens in LT recipients are growing worldwide with reporting rates of more than 50 percent. 30 In a study carried out by Nina Singh, MDR rates were 45% and 65% for Pseudomonas aeruginosa and Enterobacteriaceae respectively. 31 Infections with resistant isolates are associated with a significant increase in mortality rate. 30 Although some studies have reported that infection is not significantly related to increased mortality, 15, 19 all 10 mortalities among the 94 children (10.6%) were from the infection group. In a Canadian study, mortality rate in the first 28 days post LT was 8%. 20 In our study, infection was the cause of death in five patients (50%). Sanrom‫ل‬n Budiٌ o et al studied 32 liver transplant autopsies and showed that infection was the most common cause of death among them (59.4%). 32 Univariate analyses of our data demonstrated that many factors could be associated with a higher risk of infection including This study has two limitations: one, it is a single-center study.
Two, the number of patients with the microbiologically documented bacterial infections is low. On the other hand, the strength of this study is the number of its patients, which is more than most previous studies carried out on children, and the amount of data prospectively collected.
In conclusion, a high rate of bacterial infection was detected among the hospitalized children in early period after transplantation.
These infections in LT children were associated with longer hospital stay and higher mortality rate. Apart from longer hospital stay, no other factor was associated with getting an infection in multivariate analysis. In order to decrease the rate of infection in the absence of the identified associated factor, conducting further studies with larger sample size, and investigating more effective prophylactic measures should be considered in future studies.
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